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(54) Optical repeater monitoring system and a method thereof 



(57) An optical repeater monitoring system, accord- 
ing to the invention, comprises an oscillating source, a 
reference signal transmitter for transmitting a reference 
signal of a predetermined frequency generated from an 
output of the oscillating sou rce to a first optical fiber, and 
an optical repeater The optical repeater has a f irst pho- 
todetector for converting light from the first optical fiber, 
into an electrical signal, a reference signal extractor for 
extracting a component of the reference signal from an 
output of the first photodetector, a carrier generator for 
generating a carrier from an output of the reference sig- 
nal extractor, a monitor signal modulator for modulating 



the carrier generated by the carrier generator with a 
monitor signal showing a operating state of the optical 
repeater, a transmitter for transmitting an output of the 
monitor signal modulator to a second optical fiber. The 
system further comprises a demodulating signal gener- 
ator for generating a demodulating signal from either of 
the output from the oscillating source and the reference 
signal, the demodulating signal having a frequency 
equal to that of the monitor signal carrier, a second pho- 
todetector for photodetecting the light propagated on the 
second fiber, and a monitor signal demodulator for de- 
modulating the monitor signal from outputs of the sec- 
ond photodetector and demodulating signal generator. 
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Description 

FIELD OF THE INVENTION 



[0001] This invention relates to an optical repeater 
monitoring system and a method thereof, and more spe- 
cifically, to a system and a method thereof for transmit- 
ting monitored information of a repeater and the like to 
a terminal station in an optical transmission system. 

BACKGROUND OF THE INVENTION 

[0002] In an optical transmission system, especially 
in an optical repeatered transmission system compris- 
ing at least one optical repeater for optically amplifying 
and repeating optical signals, it is necessary to remotely 
monitor and control an operating state and the like of 
the optical repeater. In a conventional system, for the 
purpose of transmitting an operating state of an optical 
repeater to a terminal station, a local oscillating signal 
source having a individual or common frequency is dis- 
posed in each optical repeater and an output of the sig- 
nal source is modulated with a repeater monitoring in- 
formation data and transmitted to the terminal station. 
[0003] The oscillation frequency of the local oscilla- 
tion signal source, however, fluctuates due to a temper- 
ature variation as well as aging and therefore the termi- 
nal stations are required to prepare a wider receiving 
bandwidth in anticipation of the frequency fluctuation. 
Therefore, in the conventional systems, signal-to-noise 
ratio (SNR) is deteriorated owing to the inefficiently wid- 
er bandwidth. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to solve 
the aforementioned problems and provide an optical re- 
peater monitoring system and a method thereof for re- 
ceiving a monitor signal at a high SNR. 
[0005] An optical repeater monitoring system, accord- 
ing to the invention, comprises an oscillating source, a 
reference signal transmitter for transmitting a reference 
signal of a predetermined frequency generated from an 
output of the oscillating source to a first optical fiber, and 
an optical repeater. The optical repeater has a first pho- 
todetector for converting light from the first optical fiber 
into an electrical signal, a reference signal extractor for 
extracting a component of the reference signal from an 
output of the first photodetector, a carrier generator for 
generating a carrier from an output of the reference sig- 
nal extractor, a monitor signal modulator for modulating 
the carrier generated by the carrier generator with a 
monitor signal showing a operating state of the optical 
repeater, a transmitter for transmitting an output of the 
monitor signal modulator to a second optical fiber. The 
system further comprises a demodulating signal gener- 
ator for generating a demodulating signal from either of 
the output from the oscillating source and the reference 
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signal, the demodulating signal having a frequency 
equal to that of the monitor signal carrier, a second pho- 
todetector for photodetecti ng the lig ht p ropagated on the 
second fiber, and a monitor signal demodulator for de- 
5 modulating the monitor signal from outputs of the sec- 
ond photodetector and demodulating signal generator. 
[0006] With the above-mentioned configuration/it is 
no longer necessary to dispose local oscillator in an op- 
tical repeater since a carrier, which transmits a monitor 
10 signal showing an operating state of the optical repeater 
to a terminal station, can be generated in the optical re- 
peater out of a reference signal from the same or anoth- 
er terminal station. As a result, a receiving side of the 
monitor signal has no need to consider a frequency flue- 
's tuation of a carrier for carrying the monitor signal and 
therefore it is also not necessary to dispose a receiver 
having an inefficiently wide bandwidth for receiving the 
monitor signal. Since synchronous detection can be 
used for demodulating the monitor-signal- modulated 
20 signal, the monitor signal can be demodulated at a high 
SNR. The monitor signal can be received at either of 
terminal stations; the one transmits the reference signal 
or another one. 

[0007] When the reference signal is superimposed on 

25 a transmission signal light, an optical fiber transmission 
line can be effectively utilized. Also, when a dedicated 
light is used for carrying the monitor signal, a bad influ- 
ence on the signal light can be reduced. 
[0008] The optical repeater monitoring method, ac- 

30 cording to the invention, comprises a reference signal 
transmitting step for transmitting a reference signal hav- 
ing a predetermined frequency from a reference signal 
transmitter toward an optical repeater through an optical 
fiber line, a carrier generating step in the optical repeater 

35 for generating a carrier from the reference signal; the 
carrier has a frequency different from that of the refer- 
ence signal and carries a monitor signal of the optical 
repeater, a monitor signal modulating step in the optical 
repeater for modulating the carrier with the monitor sig- 

40 nal, a monitor signal transmitting step in the optical re- 
peater for transmitting the modulated wave of the mon- 
itor signal by the monitor signal modulating step to a 
monitor signal receiver, a demodulating signal generat- 
ing step in the monitor signal receiver for generating a 

45 demodulating signal having a frequency equal to that of 
the carrier, and a monitor signal demodulating step in 
the monitor signal receiver for demodulating the moni- 
tor-signal-modulated signal from the optical repeater is 
demodulated with the demodulating signal. 

50 [0009] The above-mentioned configuration produces 
advantages similarly to the optical repeater monitoring 
system according to the invention. 
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[0010] 



FIG. 1 is a schematic block diagram according to 
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an embodiment of the present ilfWhtion; 
FIG. 2 is a timing chart of a control signal, a refer- 
ence signal and a monitor signal according to the 
embodiment; (A) shows a transmission sequence 
of the control signal and reference signal and (B) 5 
shows a transmission timing of the monitor signal; 
FIG. 3 is a schematic block diagram of a monitor 
signal receiving system at a terminal station 1 2; 
FIG. 4 is a schematic block diagram of an embodi- 
ment of a superimposer 30; and '0 
FIG. 5 is a schematic block diagram of another em- 
bodiment of the superimposer 30. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
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[001 1] Embodiments of the present invention are ex- 
plained below in detail with reference to the drawings. 
[0012] FIG. 1 is a schematic block diagram according 
to an embodiment of the invention. An optical fiber line 
1 4 for transmitting signal light from a terminal station 1 0 20 
to a terminal station 12 and an optical fiber line 16 for 
transmitting the signal light from the terminal station 12 
to the terminal station 1 0 are disposed between the ter- 
minal stations 10 and 12. An optical repeater 18 is dis- 
posed halfway on the optical fiber lines 14 and 1 6. For 25 
explanatory convenience, on the optical fiber line 14, an 
optical fiber between the terminal station 1 0 and the op- 
tical repeater 18 is expressed as a reference numeral 
1 4a and an optical fiber between the optical repeater 1 8 
and the terminal station 1 2 is expressed as a reference 30 
numeral 14b. Similarly, on the optical fiber line 16, an 
optical fiber between the terminal station 1 2 and the op- 
tical repeater 18 is expressed as a reference numeral 
1 6a and an optical fiber between the optical repeater 1 8 
and the terminal station 1 0 are expressed as a reference 35 
numeral 1 6b. 

[0013] The configuration and operation of the terminal 
station 10 is explained below. A reference oscillator 20 
oscillates a frequency signal (e.g. 6.37 MHz) for use in 
generating a carrier to be used when the optical repeater 40 
18 transmits a monitor signal including a repeater data 
to the terminal station 10 (or the terminal station 12). 
The output of the reference oscillator 20 is divided (e.g. 
into 1 /1 4) by a frequency divider 22 and applied to a con- 
trol signal modulator 24. A control/process circuit 26 45 
generates a control signal for controlling the optical re- 
peater 18 and applies it to the control signal modulator 
24. In this embodiment, the terminal station 1 0 transmits 
the control signal and reference signal to the optical re- 
peater 18 using the time division. The control signal 50 
modulator 24 modulates a frequency signal (a frequen- 
cy signal to be transmitted to the optical repeater 18) 
from the frequency divider 22 with the control signalfrom 
the control/process circuit 26 during the period in which 
the control signal should be transmitted to the optical 55 
repeater 1 8, and outputs the output of the frequency di- 
vider 22 without processing during the other period; 
namely the period in which the reference signal should 



be transmitted to the optical repeater 1 8. Preferably, the 
reference signal should be a tone signal having a single 
frequency. 

[0014] A laser light source 27 generates a laser light 
for carrying a signal (e.g. 1 0 Gbit/s) to be transmitted to 
the terminal station 12. An optical modulator 28 modu- 
lates the intensity of the output laser light from the laser 
light source 27 with a transmission signal and outputs 
an RZ optical pulse train or NRZ optical pulse train. A 
superimposer 30 superimposes the output of the control 
signal modulator 24 on the signal light from the optical 
modulator 28. As to the methods for superimposing, al- 
though details are described later, there are concretely 
two methods; one is to use a dedicated wavelength light 
for carrying the control signal (and the reference signal) 
and the other is to modulate the amplitude of the signal 
light from the optical modu lator 28 with the output of the 
control signal modulator 24. The output light of the su- 
perimposer 30 inputs and propagates the optical fiber 
1 4a of the optical fiber line 1 4 and then enters the optical 
repeater 1 8 

[0015] On the other hand, a photodetector 32 con- 
verts the input light from the optical fiber line 16 into an 
electrical signal. The signal light entered the photode- 
tector 32, as to be described later, also carries a monitor 
signal including a repeater data of the optical repeater 
18. A receiver 34 converts the input light from the optical 
fiber line 1 6 into an electrical signal as well as receives 
and processes the signal from the terminal station 1 2. 
The output from the photodetector 32 enters a monitor 
signal demodulator 36. A frequency divider 38 divides 
the output of the reference oscillator 20 at a dividing ratio 
(e.g. 7/148) so as to obtain a frequency (e.g. 43.041 
kHz) of a carrier to be used when the optical repeater 
18 transmits the monitor signal to the terminal station 
10, and applies the divided signal to a monitor signal 
demodulator 36. The monitor signal demodu lator 36 de- 
modulates the monitor signal from the output of the pho- 
todetector 32 using the output of the frequency divider 
38. The demodulated monitor signal is supplied to a con- 
trol/process circuit 26. 

[0016] The configuration and operation of the optical 
repeater 1 8 is explained. Optical amplifiers (e.g. optical 
amplifiers using erbium-doped optical fiber) 40 and 42 
are pumped by a pumping light from a pumping circuit 
44 and then optically amplify signal lights from optical 
fibers 14a and 16a respectively. Optical dividers 46 and 
48 output most of the outputs from the optical amplifiers 
40 and 42 toward the following optical fibers 14b and 
16b respectively and supply a portion of the outputs to 
photo detectors 50 and 52 respectively. The photodetec- 
tors 50 and 52 convert the light from the optical dividers 
46 and 48 into electrical signals respectively. The pho- 
todetectors 50 and 52 can be low-speed as far as they 
can detect the control signal and reference signal from 
the terminal station 10. 

[0017] The outputs from the photodetectors 50 and 52 
are compounded using wire-OR and applied to a band- 
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pass filter (BPF) 54. Instead of usin^ffe two photo de- 
tectors 50 and 52, it is also applicable that the output 
lights from the optica I dividers 46 and 48 are put together 
first and then converted into electrical signals by a pho- 
todetector. With this configuration, the optical repeater 5 
1 8 can be monitored from both terminal stations 1 0 and 
12 in the single repeater monitoring circuit. That is, this 
configuration allows monitoring the optical repeater 18 
from both terminal stations 10 and 1 2 as well as lowering 
the cost of equipment. 10 
[0018] The BPF 54 extracts the frequency compo- 
nents of the control and reference signals from the ter- 
minal station 10 out of the outputs of the photodetectors 
50, 52 and suppliesthem to a reference reproducing cir- 
cuit 56 and a control signal demodulator 58. The refer- *5 
ence reproducing circuit 56 multiplies the reference sig- 
nal components contained in the outputs of the BPF 54 
using a phase locked loop (PLL), and then a frequency 
divider 60 produces a carrier for carrying a monitor sig- 
nal by dividing the outputs of the reference reproducing 20 
circuit 56. That is, the reference reproducing circuit 56 
and frequency divider 60 compose a carrier generating 
circuit. Owing to the aforementioned frequency multiply- 
ing and dividing, a carrier with a stable frequency can 
be obtained. Needless to say, the reference reproducing 25 
circuit 56 can be a narrowband pass filter for extracting 
the frequency component of the reference signal from 
the terminal station 1 0. In this embodiment, for instance, 
the reference reproducing circuit 56 multiplies the refer- 
ence frequency (455 kHz) components of the output 30 
from the BPF 54 by seven, and the frequency divider 60 
divides the output frequency of the reference reproduc- 
ing circu it 56 by 74. The output frequency of the frequen- 
cy divider 60 becomes 43.04 kHz. 

[0019] The control signal demodulator 58 demodu- 35 
lates the control signal from the output of the BPF 54 
and supplies it to a control circuit 62. The control circuit 
62 controls or monitors each part according to the con- 
trol signal from the control signal demodulator 58 and 
outputs a monitor signal showing a monitored result to- 40 
ward a monitor signal modulator64. Applied to the mon- 
itor signal modulator 64 is the output of the frequency 
divider 60. The monitor signal modulator 64 modulates 
the output of the frequency divider 60 with the monitor 
signal from the control circuit 62. As the modulation 45 
method, for instance, amplitude-shift keying (ASK), fre- 
quency-shift keying (FSK) or phase-shift keying (PSK) 
is preferable. N 
[0020] The output of the monitor signal modulator 64 
is applied to a pumping circuit 44. The pumping circuit 50 
44 weakly modulates the intensity of the pumping light 
to be transmitted to the optical amplifier 40 and/or the 
optical amplifier 42 according to the output from the 
monitor signal modulator 64. Consequently, a monitor- 
signal-modulated signal is superimposed on signal light 55 
propagating from the terminal station 1 2 to the terminal 
station 10 on the optical fiber line 16 and transmitted to 
the terminal station 10. In the embodiment, the gain of 
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the optical amplifier 42 is modulated by the output of the 
monitor signal modulator 64 in order to transmit the 
monitor signal to the terminal station 10. However, it is 
also applicable to cause Raman amplification on the op- 
tical fiber line 16 and change its gain according to the 
output of the monitor signal modulator 64. Namely, 
pu mping light for leading the Raman amplification within 
the wavelength band of the signal light on the optical 
fiber line 1 6 is applied to the optical fiber line 1 6 and the 
intensity of the pumping light is modulated with the out- 
put of the monitor signal modulator 64. As a result, the 
gain of the signal light propagating on the optical fiber 
line 1 6 fluctuates according to the output of the monitor 
signal modulator 64 and thus brings the same effect with 
the case in which the gain of the optical amplifier 42 is 
fluctuated. 

[0021] FIG. 2 (A) shows transmission timing of the sig- 
nal from the terminal station 10 to the optical repeater 
1 8. FIG. 2 (B) shows transmission timing of the monitor 
signal from the optical repeater 1 8 to the terminal station 
10. The optical repeater 18 produces the carrier of the 
monitor signal and transmits the monitor signal to the 
terminal station 10 while receiving the reference signal 
from the terminal station 10. 

[0022] Explained next is the process in which the ter- 
minal station 1 0 makes the optical repeater 1 8 transmit 
the monitor signal showing the ope rating state of the op- 
tical repeater 1 8 toward the terminal station 10. 
[0023] As shown in FIG. 2 (A), the terminal station 10 
first transmits the repeater control signal toward the op- 
tical repeater 18. The repeater control signal, for in- 
stance, is such signals for remotely controlling the op- 
erating state of the optical repeater 18 and inquiring the 
operating state of the optical repeater 18. The control/ 
process circuit 26 outputs a control signal with desired 
contents (in the embodiment, the signal is for inquiring 
the operating state of the optical repeater 18.) toward 
the control signal modulator 24. Also applied to the con- 
trol signal modulator 24 is the reference signal obtained 
from dividing the output of the reference oscillator 20 by 
the frequency divider 22. The control signal modulator 
24 modulates the reference signal with the control signal 
from the control/process circuit 26. The modulated sig- 
nal is applied to the superimposer30. The superimposer 
30 superimposes the output of the control signal modu- 
lator 24 on the signal light generated by the laser light 
source 27 and the optical modulator 28 and outputs it 
toward the optical fiber 1 4a. 

[0024] The light propagating on the optical fiber 14a 
enters the optical amplifier 40 in the optical repeater 18 
and is optically amplified there. The light is then divided 
into two portions by the optical divider 46; one portion 
enters the following optical fiber 16b and the other en- 
ters the photodetector 50. The photodetector 50 con- 
verts the intensity of the incident light into an electrical 
signal and applies it to the BPF 54. The BPF 54 extracts 
the component of frequency which is equal to the output 
frequency of the frequency divider 22 from the output of 
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the photodetector 50 and applies it tWJTe reference re- 
producing circuit 56 and control signal demodulator 58. 
At this stage, the control signal demodulator 58 demod- 
ulates the output of the BPF 54 by a demodulation meth- 
od corresponding to the modulation method of the con- 
trol signal modu lator 24 and applies the obtained control 
signal to the control circuit 62. The control circuit 62 con- 
trols each part according to the input control signal and 
collects the data showing the operating state of each 
part. 

[0025] The terminal station 10 transmits the control 
signal toward the optical repeater 1 8 for a certain period 
and then stops supplying the control signal to the control 
signal modulator 24 for making the control signal mod- 
ulator 24 in a nonmodulating operating state. By this op- 
eration, the output of the frequency divider 22 passes 
throughthe control signal modulator 24 without stopping 
and enters the superimposer 30. The superimposer 30, 
similarly to the case when the control signal is transmit- 
ted, superimposes the output of the control signal mod- 
ulator 24 on the signal light generated by the laser light 
source 27 and the optical modulator 28 and outputs it 
toward the optical fiber 14a. Consequently, the refer- 
ence signal, which defines the frequency of the carrier 
used when the optical repeater 1 8 transmits the monitor 
signal toward the terminal station 1 0 (or 1 2), is transmit- 
ted from the terminal station 10 to the optical repeater 
18. 

[0026] Similarly to the case of the control signal, in the 
optical repeater 1 8, the BPF 54 extracts the component 
of frequency equal to the output frequency of the fre- 
quency divider 22 from the output of the photodetector 
50 and applies it to the reference reproducing circuit 56 
and control signal demodulator 58. The reference repro- 
ducing circuit 56 multiplies the frequency of the output 
(the reference signal) of the BPF 54, and the frequency 
divider 60 divides the output frequency of the reference 
reproducing circuit 56. Owing to this operation, a carrier 
for transmitting the monitor signal toward the terminal 
station 10 (or 12) is obtained and applied to the monitor 
signal modulator 64. The control circuit 62 applies the 
monitor signal showing the previously collected repeat- 
er data to the monitor signal modulator 64. The monitor 
signal modulator 64 modulates the output of the fre- 
quency divider 60 with the monitor signal from the con- 
trol circuit 62 by a digital modulating method such as 
ASK, FSK or PSR. The output of the monitor signal mod- 
ulator64 is applied to the pumping circuit 44. The pump- 
ing circuit 44, as explained above, weakly modulates the 
intensity of the pumping light to be transmitted toward 
the optical amplifier 40 and/or the optical amplifier 42 
according to the output of the monitor signal modulator 
64, superimposes the monitor-signal- modulated signal 
on the signal light propagating from the terminal station 
12 to the terminal station 10 on the optical fiber line 16, 
and transmits it with the signal light toward the terminal 
station 10. 

[0027] In the terminal station 10, the photodetector 32 
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converts the input light from tfie^ptical fiber line 1 6 into 
an electrical signal: The output of the photodetector 32 
enters the receiver 34 and the monitor signal demodu- 
lator 36. The frequency divider 38 divides the output f re- 

5 quency of the reference oscillator 20 at a frequency di- 
viding ratio (e.g. 1/148) so as to obtain acarrierfrequen- 
cy (e.g. 43.041 kHz) to be used when the optical repeat- 
er 18 transmits the monitor signal toward the terminal 
station 10 and applies it to the monitor signal demodu- 

10 lator 36. The monitor signal demodulator 36 demodu- 
lates the monitor signal from the output of the photode- 
tector 32 using the output of the frequency divider 38. 
The demodulated monitor signal is applied to the con- 
trol/process circuit 26. Accordingly, the terminal station 

'5 10 can check the detailed operating state of the remote 
optical repeater 1 8. 

[0028] The relation of frequency dividing ratios among 
the frequency dividers 22, 60 and 38 is explained here. 
As to the carrier of the monitor signal, in a 10,000 km 

20 repeatered trans mission system of a transpacific length, 
a 43 kHz band is most suitable in terms of modulating 
characteristics of optical amplifiers and frequency char- 
acteristics due to the multi-stage connection of the op- 
tical amplifiers. Considering the simpler process in the 

25 optical repeater 18, the frequency of the reference sig- 
nal to be transmitted from the terminal station 10 to the 
optical repeater 18 is set to 455 kHz. The reference re- 
producing circuit 56 generates 3.185 MHz through mul- 
tiplying the received reference signal by an odd number 

30 (concretely, seven), and the frequency divider 60 gen- 
erates 43.04 kHz by dividing the output of the reverence 
reproducing circuit 56 by 74. 

[0029] In the terminal station 10, when the oscillating 
frequency of the reference oscillator 20 is 3.185 MHz, 

35 the frequency dividing ratio of the frequency divider 22 
becomes 1/7 and the duty factor becomes out of 50%. 
Since the duty factor is preferably 50%, a denominator 
n of the frequency-dividing factor 1/n of the frequency 
divider 22 need to be integer. Therefore, the oscillating 

40 frequency of the reference oscillator 20 is set to 6.37 
MHz which is fourteen times (=2x7) of 455 kHz. The 
oscillating frequency of the reference oscillator 20 also 
can be 9.555 MHz which is twenty-one times (=3x7) of 
455 kHz. 

45 [0030] In order to equalize the carrier frequency from 
the frequency divider 60 in the optical repeater 18 with 
theoutputfrequency of the frequency divider 38, the fre- 
quency dividing factor of the frequency divider 38 shou Id 
be 1/148. However, when the oscillating frequency of 

50 the reference oscillator 20 is 9.555 MHz, the frequency 
dividing factor of the frequency divider 38 should be 
1/222. By equalizing the output frequency of the fre- 
quency divider 38 with the frequency of the carrier of the 
monitor signal, synchronous detection at the monitor 

55 signal demodulator 36 becomes possible and thus the 
demodulation of the monitor signal becomes much eas- 
ier. 

[0031] It is also possible to receive the monitor signal 
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at the terminal station 1 2. FIG. 3 shdw^n embodiment 
for demodulating the monitor signal at the terminal sta- 
tion 1 2. In this case, the pumping circuit 44 in the optical 
repeater 18 modulates the intensity of the pumping light 
to be transmitted toward the optical amplifier 40 accord- 
ing to the output of the monitor signal modulator 64. 
[0032] The photodetector 70 converts the input light 
from the optical fiber 14b into an electrical signal. The 
output of the photodetector 70 is applied to the BPFs 72 
and 74. The BPF 72 extracts the reference signal com- 
ponent to be transmitted from the terminal station 1 0 to 
the optical fiber line 14. The BPF 74 extracts the fre- 
quency component of the monitor-signal-modulated sig- 
nal to be transmitted from the optical repeater 1 8 to the 
optical fiber line 14 using the gain modulation of the op- 
tical amplifier 40. The output of the BPF 72 is applied to 
the reference reproducing circuit 76. The reference re- 
producing circuit 76, which has similar structure to the 
reference reproducing circuit 56 in the optical repeater 
18, multiplies the output frequency of the BPF 72 using 
PLL and the frequency divider 78 generates the fre- 
quency signal for synchronously detecting the monitor- 
signal-modulated signal by dividing the output frequen- 
cy of the reference reproducing circuit 76. The reference 
reproducing circuit 76 and frequency divider 78 are re- 
spectively equal to the reference reproducing circuit 56 
and frequency divider 60 in the optical repeater 18 and 
similarly function. That is, the output frequency of the 
frequency divider 78 is equal to that of the frequency 
divider 60. The monitor signal demodulator 80 synchro- 
nously detects the monitor signal by multiplying the out- 
put of the frequency divider 78 with the output of the BPF 
74. 

[0033] I n the embodiment, since the carrier frequency 
(455 kHz) of the reference signal to be transmitted from 
the terminal station 1 0 to the optical fiber line 1 4 and the 
carrier frequency (43.041 kHz) used for transmitting the 
monitor signal from the optical repeater 1 8 to the termi- 
nal station 12 are different, the terminal station 12 can 
easily distinguish the reference signal from the monitor 
signal carrier. 

[0034] The superimposing method of the signal light 
and reference signal (or the control signal modulated 
signal) in the superimposer30 is explained below. FIG. 
4 shows an example of configuration in which the am- 
plitude of the transmission signal light is modulated with 
the reference signal (or the control signal modulated sig- 
nal) and transmitted. FIG. 5 shows an example of con- 
figuration to provide a dedicated wavelength for trans- 
mitting the reference signal (or the control signal mod- 
ulated signal). 

[0035] FIG. 4 is explained below. Laser light sources 
82-1~82-n are laser-oscillated at respectively different 
wavelengths M ~kn, and optical modulators 84-1 ~84-n 
modulate the intensities of output light from the respec- 
tive laser light sources 82-1 ~82-nwith transmission sig- 
nals #1~#n. A multiplexer 86 multiplexes the output 
lights from the optical modulators 84-1 — 84-n. An optical 
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modulator 88 weakly modulates the intensity of the out- 
put from the multiplexer 86 with the output (namely, the 
reference signal or the control signal modulated signal) 
from the control signal modulator 24. The output of the 

5 optical modulator 88 is output toward the optical fiber 
line 14. In this example, the optical modulator 88 acts a 
role of the superimposer 30. The configuration of the op- 
tical repeater 18 in the embodiment shown in FIG. 1 cor- 
responds to the superimposing method shown in FIG. 5. 

w [0036] FIG. 5 is explained below. Laser light sources 
90-1~90-n laser-oscillate at respectively different 
wavelengths M~Xn, and optical modulators 92-1 -92-n 
modulate the intensities of output light from the respec- 
tive laser light sources 90-1 -90-n with transmission sig- 

'5 nals #1 ~#n. A laser light-sou rce 94 is laser-oscillated at 
a wavelength Xa. different from the wavelengths VI -Xn 
of the signal light, and an optical modulator 96 modu- 
lates the intensity of output light from the laser light 
source 94 with the output (namely, reference signal or 

20 control signal modulated signal) from the control signal 
modulator 24. A multiplexer 98 multiplexes the output 
lights from the optical modulators 92-1 -92-n and the op- 
tical modulator 96 and outputs toward the optical fiber 
line 14. In this configuration, the laser light source 94, 

25 the optical modulator 96 and the multiplexer 98 com- 
pose the superimposer 30. In the optical repeater 18, 
an optical filter for removing the wavelength Xa should 
be disposed at the optical stage. 

[0037] As readily understandable from the aforemen- 

30 tioned description, according to the invention, since a 
carrier, which carries a monitor signal showing a oper- 
ating state of an optical repeater toward a terminal sta- 
tion, can be generated inside the optical repeater based 
on a reference signal from the same terminal station or 

35 another terminal station, it is no need to dispose a local 
oscillator in the optical repeater. As a result, it is no long- 
er necessary for a monitor signal receiving side to con- 
sider a frequency fluctuation of a carrier for carrying a 
monitor signal and thus it is unnecessary for a receiver 

40 to have an inefficiently wide bandwidth for receiving the 
monitor signal. As the synchronous detection can be 
used for demodulating a monitor-signal-modulated sig- 
nal at a terminal station, a monitor signal can be demod- 
ulated at a high signal-to-noise ratio. 

45 [0038] While the invention has been described with 
reference to the specific embodiment, it will be apparent 
to those skilled in the art that various changes and mod- 
ifications can be made to the specific embodiment with- 
out departing from the spirit and scope of the invention 

50 as defined in the claims. 



Claims 

55 1. An optical repeater monitoring system, comprising: 
an oscillating source; 

a reference signal transmitter for transmitting a 
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reference signal with a predetermined frequen- 
cy generated from an output of the oscillating 
source to a first optical fiber; 
an optical repeater having a first photodetector 
for converting light from the first optical fiber in- 
to an electrical signal, a reference signal ex- 
tractor for extracting a component of the refer- 
ence signal from an output of the first photode- 
tector, a carrier generator for generating a car- 
rier from an output of the reference signal ex- 
tractor, a monitor signal modulator for modulat- 
ing the carrier generated by the carrier gener- 
ator with a monitor signal showing an operating 
state of the optical repeater, and a transmitter 
for transmitting an output of the monitor signal 
modulator to a second optical fiber; 
a demodulating signal generator for generating 
a demodulating signal from either of the output 
from the oscillating source and the reference 
signal, the demodulating signal having a fre- 
quency equal to that of the carrier of the monitor 
signal; 

a second photodetector for photo detecting the 
light propagated on the second optical fiber; 
and 

a monitor signal demodulator for demodulating 
the monitor signal from outputs of the second 
photodetector and demodulating signal gener- 
ator. 

2. The optical repeater monitoring system of claim 1 
wherein the oscillating source, the reference signal 
transmitter, the demodulating signal generator and 
the monitor signal demodulator are disposed in the 
same terminal station and the demodulating signal 
generator generates the demodulating signal from 
the output of the oscillating source. 

3. The optical repeater monitoring system of claim 1 
wherein the oscillating source and reference signal 
transmitter are disposed in a first terminal station 
while the demodulating signal generator and mon- 
itor signal demodulator are disposed in a second 
terminal station; 

the optical repeater transmits the light from the 
first optical fiber to the second optical fiber; and 
the demodulating signal generator generates 
the demodulating signal from the reference sig- 
nal propagated on the first and second optical 
fibers. 

4. The optical repeater monitoring system of anyone 
of claims 1 to 3 wherein the reference signal trans- 
mitter comprises a superimposerfor superimposing 
the reference signal on a transmission signal light. 

5. The optical repeater monitoring system of claim 4 



wherein the superimposed comprises an optical 
multiplexer for multiplexing light, which carries the 
monitor signal and has a wavelength different from 
that of the transmission signal light, and the trans- 
mission signal light. 

6. The optical repeater monitoring system of claim 4 
wherein the superimposer comprises an optical 
modulator for modulating intensity of the transmis- 
sion signal light according to the reference signal. . 

7. The optical repeater monitoring system of anyone 
of the foregoing claims wherein the reference signal 
comprises a tone signal having a single frequency. 

8. The optical repeater monitoring system of anyone 
of the foregoing claims wherein the monitor signal 
modulator comprises a modulator with one of the 
modulating systems of amplitude-shift keying, 
phase-shift keying and frequency-shift keying. 

9. The optical repeater monitoring system of anyone 
of the foregoing claims wherein the transmittercom- 
prises an optical modulator for modulating intensity 
of the signal light output onto the second optical fib- 
eraccording to the output of the monitor signal mod- 
ulator. 

10. The optical repeater monitoring system of claim 9 
wherein the optical modulator comprises a means 
for varying a gain of the signal output onto the sec- 
ond optical fiber according to the output of the mon- 
itor signal modulator. 



35 1 1 . An optical repeater monitoring method, comprising: 

a reference signal transmitting step for trans- 
mitting a reference signal of a predetermined 
frequency from a reference signal transmitter 
40 to an optical repeater through an optical fiber 

line; 

a carrier generating step in the optical repeater 
for gene rating a carrier, which carries a monitor 
signal of the optical repeater and has a frequen- 
ts cy different from that of the reference signal, out 
of the reference signal; 

a monitor signal modulating step in the optical 
repeater for modulating the carrier with the 
monitor signal; 

50 a monitor signal transmitting step in the optical 

repeater for trans m rtting the modulated wave of 
the monitor signal obtained by the monitor sig- 
nal modulating step is transmitted toward a 
monitor signal receiver; 

55 a demodulating signal generating step in the 

monitor signal receiver for generating a demod- 
ulating signal having a frequency equal to that 
of the carrier; and 
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a monitor signal demodulating-step in the mon- 
itor signal receiver for demodulating the moni- 
tor-signal-modulated signal transferred from 
the optical repeater with the demodulating sig- 
nal. 

12. The optical repeater monitoring method of claim 11 
wherein the demodulating signal generating step 
generates the demodulating signal from one of the 
reference signal and output from a signal source 
from which the reference signal is generated. 



10 



13. The optical repeater monitoring method of claim 11 
or 12 the reference signal transmitting step com- 
prises a superimposing step for superimposing the *5 
reference signal on the transmission signal light. 

14. The optical repeater monitoring method of claim 13 
wherein the superimposing step comprises an op- 
tical multiplexing step for multiplexing the light for 20 
carrying the monitor signal and having a wave- 
length different from that of the transmission signal 
light with the transmission signal light. 

15. The optical repeater monitoring method of claim 13 25 
wherein the superimposing step comprises an op- 
tical modulating step for modulating intensity of the 
transmission signal light according to the reference 
signal. 

30 

16. The optical repeater monitoring method of anyone 
of claims 11 to 15 wherein the monitor signal mod- 
ulating step comprises one of the modulating steps 
of amplitude -shift keying, phase-shift keying and 
frequency-sift keying. 35 

17. The optical repeater monitoring method of anyone 
of claims 11 to 16 wherein the monitor signal trans- 
mitting step comprises an optical modulating step 

for modulating intensity of the transmission signal 40 
light according to the output of the monitor signal 
modulating step. 
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Signal transmission 
FIG. 2A from terminal station 1 0 
to optical repeater 18 



Signal transmission 
FIG. 2B from optical repeater 1 8 
to terminal station 10 
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FIG. 3 



70 



From optical 
fiber line 14 " 



Photodetector 



72 
BPF 



BPF 
74 



Reference 
reproducer 



Frequency 
divider 



-76 



78 



Monitor signal 
demodulator 

f 

80 



Monitor 
signal 



11 



EP 1 122 898 A1 



FIG. 4 
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FIG. 5 
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